Little is known about the sites of action for the behavioral effects of chronic antidepressants. The novelty-induced hypophagia (NIH) test is one of few animal behavioral tests sensitive to acute benzodiazepines and chronic antidepressants. The goals of these experiments were to examine patterns of brain activation associated with the behavioral response to novelty and identify regions that could regulate the anxiolytic effects of acute benzodiazepine and chronic antidepressant treatments, measured using the NIH test. In the first experiment, rats were treated acutely with the anxiolytic, chlordiazepoxide (2.5 or 5 mg/kg, i.p.). In separate experiments, animals were implanted with osmotic minipumps delivering vehicle or fluoxetine (5 or 20 mg/kg per day s.c.) for 3 or 28 days. NIH was assessed by giving animals access to a familiar palatable food in a novel environment. Associated brain areas were identified using c-fos immunohistochemistry. NIH was mitigated by acute chlordiazepoxide and chronic fluoxetine. Both drugs reversed novelty-induced changes in c-fos expression in the lateral division of the posterolateral part of the bed nucleus of the stria terminalis (STLP), cingulate cortex (Cg), and dorsal field CA2 of the hippocampus (dCA2). Chronic fluoxetine additionally increased c-fos expression in the anterior nucleus accumbens (aAcb) and the piriform cortex (Pir). The effects of the drugs on c-fos expression in many regions correlated with anxiolytic efficacy. These findings identified brain regions where the effects of chronic antidepressants and benzodiazepines may converge to produce anxiolytic activity, as well as distinct sites of action for the two classes of drugs.
INTRODUCTION
Although antidepressants are frequently prescribed to treat both depression and anxiety, it is not clear why there is a delay of up to several weeks before they produce a significant clinical response (Gelenberg and Chesen, 2000) . Understanding the mechanisms underlying this delayed response has been hindered by a lack of animal behavioral tests that are exclusively sensitive to chronic antidepressant treatment. In contrast to many measures of antidepressant efficacy, suppression of feeding induced by exposure to novelty is reversed by antidepressants from several classes following chronic, but not acute, treatment (Bodnoff et al, 1988; Dulawa and Hen, 2005) . Thus, one key observation of clinical treatment mirrored by the novelty-induced hypophagia (NIH) test is that antidepressants are only effective at reducing the inhibitory effects of novelty when they are given repeatedly, for weeks. Elucidating the mechanisms and circuitry underlying this delay in response is critical to hasten the development of more expedient treatments for anxiety and depression.
A second key characteristic of the NIH test is that it is one of the few rodent behavioral tests that demonstrates the ability of chronic antidepressant treatments to reduce anxiety. While anxiety can be a prominent component of clinical depression, chronic antidepressant treatments are often prescribed to treat anxiety disorders such as generalized anxiety disorder (Dolnak, 2006; Nutt et al, 2006) , panic disorder (Dolnak, 2006) and obsessive-compulsive disorder (Blier et al, 2006) . In the NIH test, the anxiety-provoking effects of novelty can be reduced by either acute administration of benzodiazepines or by chronic antidepressants (Dulawa et al, 2004; Merali et al, 2003; Sanders and Shekhar, 1995) . There are few other tests of anxiety that reliably demonstrate the antianxiety effects of chronic antidepressants (Borsini et al, 2002) . Greater understanding of this test has important implications for understanding how antidepressants work to, in the least, treat anxiety disorders and, possibly, to treat depression.
Although neuroadaptations resulting from repeated antidepressant treatments have been reported for different brain regions and targets, the critical neural circuitry that mediates repeated antidepressant treatment efficacy remains unknown. The goal of the present experiments was to identify neural circuitry underlying anxiolytic and chronic antidepressant treatments using the NIH test. To begin mapping the circuitry of the NIH paradigm, these experiments used c-fos mapping to identify specific cell populations that are recruited in response to novelty and contrasted brain areas of overlap or dissociation between effective treatment with the benzodiazepine chlordiazepoxide and chronic administration of the antidepressant fluoxetine.
MATERIALS AND METHODS

Animals
These studies used 108 male Sprague-Dawley rats obtained from Charles River Laboratories Inc. weighing 225-250 g on arrival and housed two per polycarbonate cage. Home cages were lined with bedding material. Animals were not food deprived during any part of the experiment.
Novelty-Induced Hypophagia
Animals were trained to consume a palatable food in the home cage for 8 days. This time was required to reach stable intakes and latencies to begin eating (Bechtholt et al, 2007) . Ninety minutes prior to daily feeding sessions an opaque Plexiglas divider was inserted into the home cage, separating the two animals. Each rat was individually presented with 8-10 g of graham cracker crumbs (Nabisco) for 15 min. Novelty-induced suppression of feeding was assessed by giving individual animals access to the familiar graham cracker crumbs in a novel environment. The novel environment consisted of a polycarbonate cage of the same dimensions as the home cage (48L Â 26W Â 20H cm) that was brightly lit and had a wire, rather than bedding lined floor. Latency to begin eating (s) and food consumed in both the home and novel cage were measured. An additional group of vehicle-treated animals sacrificed after a home cage test was included in each of the experiments to detect effects of exposure to novelty. Animals were sacrificed 90 min after the start of the final test.
Drug Treatments
Acute chlordiazepoxide treatment. On the day after training, animals were subjected to a final home cage feeding session that served as the home cage test. On the following day, animals were injected with chlordiazepoxide (0.0, 2.5, 5.0 mg/kg i.p.) or saline (0.9%) 30 min prior to the novel cage test.
Chronic fluoxetine treatment. After the training period, animals were implanted with osmotic minipumps delivering fluoxetine (0.0, 5.0, 20.0 mg/kg per day) or vehicle. The animals were then left undisturbed in the colony for 23 days. To reacquaint animals with the palatable food and test procedures, animals were subjected to five additional home cage feeding sessions, with the last day being the home cage test. The response to novelty was determined 24 h later. Thus, animals were sacrificed after 28 days of fluoxetine treatment.
Subchronic fluoxetine treatment. The effects of treatment with fluoxetine for 28 days were compared with a group of rats that received treatment with fluoxetine for only 3 days. This period of treatment allowed behavioral assessment after full onset of the drug infusion from the minipump but was not long enough to produce neuroadaptive changes. Immediately following training, animals were implanted with osmotic minipumps delivering fluoxetine (0.0, 5.0, 20.0 mg/kg per day). Home cage and novel cage tests were conducted 48 and 72 h after implantation, respectively. Animals were thus sacrificed after 3 days of fluoxetine treatment.
Drugs
Fluoxetine HCl (ANAWA Biomedical Services & Products, Zurich, Switzerland) was dissolved in 100% ethanol by slight heating and diluted with sterile distilled and deionized water to a final ethanol concentration of 50% for delivery by osmotic minipump. Chlordiazepoxide HCl (Sigma-Aldrich Co., St Louis, MO) and sodium pentobarbital (Sigma-Aldrich Co., St Louis, MO) were dissolved in sterile distilled and deionized water. Doses were determined by the base weight.
Implantation of Osmotic Minipumps
Animals were anesthetized (sodium pentobarbital; 50 mg/kg i.p.) and implanted with Alzet osmotic minipumps (DUR-ECT Corporation, Cupertino, CA) delivering fluoxetine or vehicle inserted into a subcutaneous pocket made along the dorsolateral abdomen. The incision above the scapulae was closed with wound clips and treated with betadine.
Immunohistochemistry for c-Fos
Immunohistochemistry for c-fos was conducted as previously described with the exception of the primary antibody (Roche et al, 2003) . Ninety min after the start of the final test rats were perfused (4% paraformaldehyde) and brains were stored in fixative overnight (41C) and then a sucrose solution until saturated. Nonserial 30 mm coronal sections were cut on a cryostat and incubated in rabbit antic-fos antisera (Abcam Inc., Cambridge, MA) for 3 days at 41C at a dilution of 1 : 1000. Sections were then incubated in biotinylated donkey anti-rabbit antiserum (1 : 200; Jackson Labs, West Grove, PA) for 90 min, followed by avidin-biotin complex (1 : 600; ABC Elite Kit, Vector Labs, Burlingame, CA) for 90 min at room temperature. Sections were immersed in 0.02% 3,3 0 -diaminobenzidine-4HCl (DAB; Sigma-Aldrich Co., St Louis, MO) containing 0.01% H 2 O 2 in phosphate buffer for 10-15 min for a brown reaction product that was terminated by rinses in phosphate buffer. Sections were mounted and photomicrographs were taken at Â 20 magnification (Leica Microsystems, Wetzlar, Germany). The number of labeled cells was counted for each rat and brain area using Image J (National Institutes of HealthFpublic domain) software in the three nonserial sections closest to those shown in Figure 1 . The average of the three sections was recorded as the number of c-fos positive cells for each animal and region.
Statistical Analysis
Behavioral data were analyzed using mixed two-way analysis of variance (ANOVAs) with the within-subjects independent variable of environment (home, novel) and the between-subjects independent variable of dose. Follow-up comparisons to significant interactions were conducted on both raw data and on difference scores by one-way ANOVA and Fisher's protected least significant difference test. Difference scores were calculated by subtracting the values measured in the home cage from those measured in the novel cage. c-Fos data were analyzed using one-way ANOVAs for each brain area within each experiment. To determine the relationship between the number of c-fos positive cells after exposure to the novel environment and the behavioral outcomes, simple regression analyses were conducted for those brain areas in which significant ANOVAs were obtained. Only the treatment groups exposed to the novel environment were included in these regression analyses (Vehicle Novel Cage, drug dose A Novel Cage, drug dose B Novel Cage). (Figures 10, 12, 19, 30, 34, 48, 56, 59, 74, 94, 115 in Paxinos and Watson (2004) ). Abbreviations are defined in Tables 1-3 . Figure 2 (left panels) illustrates that acute chlordiazepoxide treatment substantially reduced the magnitude of NIH, as supported by a significant main effect of environment (F(1, 27) ¼ 73.8, po0.0001) and an environment Â dose interaction (F(2, 27) ¼ 5.7, po0.001) for raw intake values. Follow-up one-way ANOVAs on raw intake values yielded a significant main effect of dose on feeding in the novel cage (F(2, 27) ¼ 4.4, po0.05). Additional follow-up comparisons revealed that animals treated with 5.0 mg/kg of chlordiazepoxide ate more in the novel cage than vehicle-treated animals (po0.01) and both doses of chlordiazepoxide induced smaller intake differences compared to vehicle treatment (2.5 mg/kg per day, po0.05; 5.0 mg/kg per day, po0.005).
RESULTS
Effects of Acute Chlordiazepoxide on NIH
NIH outcomes for latency were generally similar to those of intake but more variable as previously reported (Bechtholt et al, 2007; Dulawa and Hen, 2005) . Vehicletreated animals showed increased latencies to feed in the novel environment that were reduced, but not significantly, by acute chlordiazepoxide treatment (Figure 2 , right panels). These observations were substantiated by a significant main effect of environment (F(1, 27) ¼ 43.0, po0.0001) and a nonsignificant environment Â dose interaction, F(2, 27) ¼ 2.0, p ¼ 0.16 for raw latency values. Figure 3 demonstrates that fluoxetine effectively reduced the suppressive effect of novelty in the NIH test after 28 days of treatment. Vehicle-treated animals displayed a large decrease in food intake in the novel cage compared to the home cage, while fluoxetine treatment mitigated this effect ( Figure 3 , left panels). These conclusions were supported by significant main effects of environment (F(1, 18) ¼ 40.0, po0.0001) and dose (F(2, 18) ¼ 11.7, po0.0005) and a significant environment Â dose interaction (F(2, 18) ¼ 10.6, po0.001) for raw intake values. Further, a one-way ANOVA of raw home cage intake values yielded a significant main effect of dose (F(2, 18) ¼ 9.2, po0.005). Pairwise comparisons of raw home cage intake values revealed that chronic fluoxetine treatment increased feeding in animals treated with 5.0 mg/kg per day (po0.05) of fluoxetine and decreased feeding in animals treated with 20.0 mg/kg per day (po0.05) of fluoxetine. Despite these changes in home cage feeding, animals treated with either dose of fluoxetine ate more in the novel cage than vehicle-treated animals (5 mg/kg per day, po0.001; 20 mg/kg per day, po0.001). Additional follow-up comparisons of intake difference scores revealed significantly smaller differences in intake between the home and novel cage in animals treated with either dose of fluoxetine compared to vehicle-treated animals (5 mg/kg per day, po0.05; 20 mg/kg per day, po0.001).
Effects of Chronic Fluoxetine on NIH
Chronic fluoxetine treatment diminished the ability of novelty to increase the latency to feed ( Figure 3 , right panels). A two-way ANOVA for raw latency values demonstrated significant main effects of environment (F(1, 18) ¼ 73.8, po0.0001) and dose (F(2, 18) ¼ 13.0, po0.0005) and a significant environment Â dose interaction (F(2, 18) ¼ 14.5, po0.0005). A one-way ANOVA of raw latency values yielded a significant effect of dose in the novel cage (F(2, 18) ¼ 13.8, po0.0005), but not home cage latency. Pairwise comparisons revealed that chronic fluoxetine treatment decreased the latency to feed relative to vehicle treatment (po0.001). Follow-up comparisons on latency difference scores revealed that the effect of novelty Figure 2 Effect of acute chlordiazepoxide (2.5 or 5.0 mg/kg) on NIH (n ¼ 10 per group). Each bar indicates the mean ( ± SEM) absolute raw graham cracker intake values in grams (top left), raw latency to begin eating values in seconds (top right), the difference in intake (bottom left) or difference in latency (bottom right) between the home and novel cage (novel cage intakeFhome cage intake). Follow-up comparisons revealed that animals treated acutely with chlordiazepoxide ate more graham cracker crumbs in the novel environment than vehicle-treated animals. In contrast, chlordiazepoxide did not significantly alter the increased latency for initiating feeding produced by novelty. *Difference between home and novel cage intakes within the same treatment group. #Different from group treated with vehicle for the same dependent variable. One symbol po0.05, two symbols po0.01, three symbols po0.001. on latency to begin feeding was decreased by chronic fluoxetine treatment compared to vehicle treatment (5 mg/ kg per day, po0.001; 20 mg/kg per day, po0.0001).
Effects of Subchronic Fluoxetine on NIH
In contrast to chronic administration, subchronic administration of fluoxetine did not alter the magnitude of NIH. A two-way ANOVA for raw intake values detected a significant main effect of environment (F(1, 27) ¼ 103.1, po0.0001) but no significant environment Â dose interaction ( Figure 4 , left panels). Similarly, the two-way ANOVA for raw latency values demonstrated a significant main effect of environment (F(1, 27) ¼ 72.8, po0.0001) but no interaction (F(2, 27) ¼ 1.7, p ¼ 0.195); Figure 4 , right panels). Further, in order to determine whether surgery 72 h prior to behavioral testing could have influenced intakes, intake data from the final training day were compared by two-way mixed ANOVA to those of the final home test, which occurred 48 h after surgery. No significant effects of time, treatment, or their interaction were detected. That is, mean intakes in the home cage after surgery (mean±SEM: vehicle 
c-Fos Expression Associated with NIH
Figures 5 and 6 demonstrate typical c-fos photomicrographs. Tables 1-3 show the mean number of c-fos positive cells for each treatment group, p-values for the one-way ANOVAs and abbreviations for all of the examined brain regions. The general effects of exposure to novelty were replicated across the three separate experiments. Thus, in the absence of drug treatment, novelty increased the number of c-fos profiles in the Cg, Pir, and dCA2 and tended to decrease the number of c-fos profiles within the lateral division of the posterolateral part of the STLP across experiments.
Acute chlordiazepoxide reversed the effects of novelty on c-fos expression in the STLP ( Figure 5 , top panels), Cg, Pir, dCA2. Additionally, novelty increased c-fos expression in the vHC and LSV in vehicle controls for this experiment and these effects were reversed by chlordiazepoxide. Significant one-way ANOVAs for the number of c-fos-positive profiles were observed for effects among the acute chlordiazepoxide treatment groups in the STLP (F(3, 36) 
and LSV (F(3, 36) ¼ 3.3, po0.05) ( Table 1) .
Like chlordiazepoxide, chronic fluoxetine reversed novelty-induced changes in c-fos expression in the STLP ( Figure 5 , bottom panels), Cg and dCA2. In addition this treatment had effects that were distinct from those of chlordiazepoxide, including an increase in c-fos expression in the aAcb (Figure 6 , top panels) and in the Pir. Novelty did not alter c-fos expression in the lateral septum or ventral hippocampus of vehicle-treated rats in this experiment. Significant effects among the chronic fluoxetine treatment groups were detected for the aAcb (F(3, 21) ¼ 5.7, po0.005), STLP, (F(3, 21) ¼ 3.8, po0.05), Cg (F(3, 22) ¼ 5.6, po0.005), Pir (F(3, 22) ¼ 7.0, po0.005), and dCA2 (F(3, 23) ¼ 3.8, po0.05) ( Table 2) .
The c-fos counts for subchronic fluoxetine treatment in these five regions are shown in Table 3 . One-way ANOVAs yielded significant effects of the subchronic fluoxetine treatment group in the Cg (F(3, 36) ¼ 4.1, po0.01), Pir (F(3, 36) ¼ 5.6, po0.005), and dCA2 (F(3, 36) ¼ 3.1, po0.05). , raw latency to begin eating values in seconds (top right), the difference in intake (bottom left) or difference in latency (bottom right) between the home and novel cage (novel cage intakeFhome cage intake). Follow-up comparisons revealed that animals treated chronically with fluoxetine ate more graham cracker crumbs and initiated feeding in the novel environment more rapidly than vehicle-treated animals. *Difference between home and novel cage intakes within the same treatment group.
# Different from vehicle treated for the same dependent variable. One symbol po0.05, three symbols po0.001. 
Correlation of Behavior with Neuronal Activation
Regression analyses were used to identify brain sites in which changes in neuronal activation may be associated with NIH or its pharmacological attenuation. Regression coefficients for the relationship between the number of c-fos positive cells and each behavioral outcome are shown in Table 4 . An anxiolytic effect produced by chlordiazepoxide, expressed by increased novel cage intake, was correlated with decreased c-fos expression in the Cg (r ¼ 0.36, po0.05) and greater expression of c-fos in the STLP (r ¼ 0.39, po0.05). No other significant regression analyses were observed.
Chronic fluoxetine treatment increased food intake in the novel cage and was associated with fewer c-fos positive cells in the Cg (r ¼ À0.49, po0.05). Likewise, smaller differences in intake between the home and novel cages were predictive of fewer c-fos positive profiles in the Cg (r ¼ À0.67, po0.005) and the dCA2 (r ¼ À0.44, po0.05). Among the chronic fluoxetine treatment groups, shorter novel cage latencies were predictive of a greater number of c-fos positive cells in the aAcb (r ¼ À0.51, po0.05), STLP (r ¼ À0.48, po0.05), and the Pir (r ¼ À0.45, po0.05). This relationship was also demonstrated for the difference in latency between the home and novel cages for the aAcb (r ¼ À0.50, po0.05).
No significant relationships were observed between the number of c-fos positive cells counted in any brain area and novel cage outcomes for animals in the subchronic fluoxetine experiment.
DISCUSSION
These findings are the first demonstration that regional patterns of brain activity during the performance of the NIH test correlate with anxiolytic behavioral outcomes evoked by both chronic antidepressant drug treatments and traditional benzodiazepine treatments. Despite the widespread prescription of antidepressants for anxiety disorders, there is little understanding of the neural substrates that contribute to the anxiolytic effects that emerge gradually from chronic antidepressant treatment. Here, regional activation patterns reveal areas where the response to novelty is suppressed or activation is engaged to counteract the effects of novelty. These convergent and discordant findings between drug classes provide information about similar and distinct mechanisms that may regulate anxiolytic effects.
The NIH test provided a structure for identifying the neural circuitry germane to anxiolytic treatments because it is a behavior that is changed by treatment with psychotherapeutic treatments that are clinically relevant. Novelty-induced anxiety as evidenced by reduced food intake and increased latency to feed in the novel cage relative to the home cage. Acute chlordiazepoxide or chronic fluoxetine mitigated this anxiety by decreasing the difference in intake between the home and novel cage. Latency score analyses yielded similar results, however, these scores were typically highly variable in this test (Bechtholt et al, 2007; Dulawa and Hen, 2005) . Thus, although significant for chronic fluoxetine treatment, only a tendency toward a decrease in novel cage latencies was observed following chlordiazepoxide, which may be due to the sedative effects of this drug. These common anxiolytic outcomes are consistent with numerous previous reports using the novelty-suppressed feeding paradigm and a number of reports using the NIH paradigm and confirm the ability of acute benzodiazepines and chronic antidepressants to increase feeding in the NIH test (for review see Dulawa and Hen, 2005) .
Exposure to novelty yielded unique patterns of activation in discrete brain areas. Novelty increased c-fos expression in the dCA2, Cg, and Pir and decreased c-fos expression in the STLP. Similar responses to novelty have been reported previously for the Cg (Stone et al, 2006a, b; Struthers et al, 2005; Wirtshafter, 2005) , Pir (Stone et al, 2006a, b) and dCA2 (Wirtshafter, 2005) in other contexts. The patterns of change observed here were consistent across the three experiments, suggesting that these are reliable and meaningful observations. In addition, the effects of anxiolytic treatment and regional c-fos expression were correlated in a number of areas.
The dCA2 was activated in response to novelty, an effect that was normalized by acute chlordiazepoxide or chronic fluoxetine treatment, but may also have been affected by subchronic fluoxetine treatment. However, the c-fos response was significantly correlated only with the anxiolytic effects of chronic fluoxetine treatment. The roles of stress, depression, and antidepressant treatment in the hippocampus have been extensively studied over recent years (Dranovsky and Hen, 2006) . In general, this region is vulnerable to the effects of chronic stress by way of neurotoxicity, remodeling of cellular morphology, decreased neurogenesis and reductions of the neurotrophin brain-derived neurotrophic factor (D'Sa and Duman, 2002) . Hippocampal volume is decreased in patients with unremitted depression (Sheline et al, 2003) or post-traumatic stress disorder (Bremner, 2006) , and this may be improved by successful chronic antidepressant treatment (Bremner and Vermetten, 2004) . The present results are in agreement with these many findings and extend them to suggest that specific subregions of the hippocampus may be critical for the anxiolytic effects of chronic antidepressant treatment.
Exposure to novelty activated the Cg and all three treatments attenuated this effect to some degree. However, the patterns of c-fos expression were significantly correlated only with anxiolytic behavioral outcomes elicited by acute chlordiazepoxide or chronic fluoxetine treatment. Lesions of this nucleus reportedly induce prodepressant behavior in the rodent forced swimming test, while performance on an anxiety-related test, the elevated plus maze, was unchanged (Bissiere et al, 2006) . This apparent dissociation between measures of anxiety and depression may be explained by the general finding that most rodent anxiety tests, including the elevated plus maze, are not sensitive to the anxiolytic effects of antidepressants (Borsini et al, 2002) . Although not extensively studied, some human findings suggest that the Cg is involved in the incidence of phobias (Rauch et al, 1995) , social anxiety disorder (Phan et al, 2005) , obsessivecompulsive disorder (Rauch et al, 1994) , and post-traumatic stress disorder (Rauch et al, 2003) . The present findings have striking similarity to imaging studies in depressed patients where overactivation of the Cg was normalized by successful antidepressant treatments, including chronic fluoxetine treatment (Mayberg et al, 2000) and sleep deprivation (Wu et al, 2001) . Further, direct inactivation of the Cg with deep brain stimulation alleviated treatmentresistant depression (Mayberg et al, 2005) . Given that the activity of the Cg has been extensively implicated in psychiatric disorders that are responsive to chronic antidepressant treatment, it is unlikely that the present findings are the result of noncausal drug effects. Perhaps these findings suggest that the Cg is an important locus for both the acute and chronic effects of fluoxetine. Although it is clear that the ability of fluoxetine to increase serotonin is not sufficient for treatment, it likely contributes to the therapeutic efficacy of chronic treatment, since serotonin depletion can reverse effective treatment by SSRIs of depression and anxiety disorders (for review see Bell et al (2005) ). Thus, while changes in c-fos expression in the Cg were evident after subchronic treatment with the higher dose of fluoxetine, continued administration for a chronic period may be required for elicitation of the associated behavioral effects. Taken together, these findings suggest that the Cg represents an important point of overlap between the anxiolytic effects of acute benzodiazepines and chronic antidepressants, but may also describe a brain area through which the direct pharmacological effects of antidepressants are changed to produce an anxiolytic outcome. The Pir was activated by novelty, an effect that was strengthened by chronic fluoxetine treatment and correlated with the latency to begin feeding in the novel cage. In contrast, subchronic fluoxetine reversed the effects of novelty. These findings suggest that this locus may be activated to cope with stressful events, the function of which is enhanced by chronic fluoxetine treatment. This brain region has not been extensively studied with respect to anxiety and depression. However, it has been reported that the Pir was degenerated in the rodent olfactory bulbectomy model of depression (Wang et al, 2007) , and that two treatments for depression, chronic fluoxetine treatment (Zhou et al, 2006) , and electroconvulsive shock (Sun et al, 2005), respectively increased the density of serotonin transporter reactive terminals and induced a number of plasticity related genes in this region. The finding that subchronic fluoxetine had opposing effects on c-fos expression in the Pir to both exposure to novelty and chronic fluoxetine treatment may reflect the anxietyprovoking effects of acute fluoxetine reported in humans and many animal anxiety tests (Dulawa and Hen, 2005) , including the novelty-suppressed feeding paradigm (Bodnoff et al, 1989) , that could not be detected in the present test. Finally, the role of the Pir in the anxiolytic effects of chlordiazepoxide remains unclear because the lowest dose of chlordiazepoxide reversed the effects of novelty, but effects at the highest dose were inconclusive. This pattern of results may be related to the nonspecific sedative effects of increasing doses of chlordiazepoxide and requires further study. Expression of c-fos in the STLP was inhibited after exposure to novelty, normalized by acute chlordiazepoxide and chronic fluoxetine treatment and correlated with anxiolytic behavioral outcomes. The bed nucleus of the stria terminalis (BST) has been implicated in the expression of fear, stress, and anxiety (Walker et al, 2003) . Some findings suggest that the BST is involved in adaptive coping responses to stress (eg Pezuk et al, 2006) , while others suggest it manifests the deleterious effects of stress (eg Stout et al, 2000) . The present findings support the former, with increased activation of this region predicting a decreased stress response. Discordant findings may relate to discrete subregions of the BST, since few previous studies have distinguished between the many subdivisions of the BST and the present findings were observed only in the lateral division of the posterolateral part of the BST (ie STLP).
Finally, although aAcb activation was not altered by exposure to the novel environment, chronic fluoxetine treatment resulted in a tripling of c-fos expression which was correlated with the anxiolytic outcome of decreased latency to begin feeding. Similar findings were not observed after acute chlordiazepoxide or subchronic fluoxetine treatment. This pattern of activation is of interest as a possible mechanism through which antidepressants uniquely act to treat anxiety and depression. Because of its critical role in reward mechanisms, the Acb and the mesolimbic dopamine reward circuit have long been implicated in symptoms of depression, including anhedonia (Nestler and Carlezon, 2006) . Recent deep brain stimulation studies have implicated the Acb in the treatment and incidence of anxiety disorders (Sturm et al, 2003) , including obsessive-compulsive disorder (Okun et al, 2007; Shapira et al, 2006; Sturm et al, 2003) . However, the results of these studies were varied, with stimulation either inducing panic (Okun et al, 2007; Shapira et al, 2006) or alleviating symptoms (Okun et al, 2007; Sturm et al, 2003) . Although these discordant findings are unresolved, they might be explained by the location of the stimulation probes. Recent animal findings have dubbed the more anterior part of the Acb, an hedonic 'hot spot', while the more posterior extent is responsive to aversive stimuli (Pecina et al, 2006) . Similarly, previous findings have identified an anteriorposterior gradient within the Acb, with the more posterior extent of the Acb associated with amphetamine (Essman et al, 1993) and conditioned dopamine (Franklin and Druhan, 2000) induced locomotion. Taken together, activation of the most anterior Acb (but not the posterior) following chronic fluoxetine treatment may reflect the recruitment of a brain region that is important to the experience of positive affect, and is not simply a locomotor effect.
Treatment with fluoxetine is known to reduce feeding behavior and body weight so there is the possibility that reduced motivation to feed could influence behavioral effects in the NIH test. Indeed, we have measured decreased body weight in another group of rats treated in the same manner and with the same doses of fluoxetine as those used in the present study (Howard and Lucki, unpublished) . However, it is unlikely that changes in motivation to feed account for the observed reductions of anxiety in response to novelty that are produced by chronic fluoxetine treatment. Specifically, rats treated with fluoxetine for 3 days and 28 days demonstrated different effects on the NIH test despite the presense of fluoxetine-induced anorexic effects after either treatment duration. Rats treated chronically with 5 mg/kg fluoxetine ate more in the home cage and rats treated with 20 mg/kg ate less in the home cage compared to vehicle-treated rats. Nevertheless, relative intakes and latencies in the NIH test (ie difference scores) demonstrated a clear relationship between fluoxetine dose and anxiety reduction. Finally, reductions of motivation to feed would likely produce increases in latency and reductions of food intake during both home cage and novel cage testing, and this pattern of effects was not observed in the present experiments.
The present data implicate a number of brain regions in the common effects of chronic fluoxetine and chlordiazepoxide using the NIH test. The dCA2 and STLP may represent common pathways for anxiolytic efficacy. The Cg responded similarly in response to novelty after both effective anxiolytic treatments, but also subchronic fluoxetine, whereas opposing responses to novelty after chronic and subchronic fluoxetine treatment were measured in the Pir. The aAcb could be a unique mediator of fluoxetine's anxiolytic actions. Finally, c-fos responses to novelty were correlated with the behavioral outcomes of effective anxiolytic treatment. Having found patterns of c-fos activation altered by anxiolytic treatments in so few of the many areas studied provides a short list of regional candidates to pursue that may harbor the key changes which allow antidepressants to become effective after chronic treatment. Additional studies determining the identity of the cells activated by novelty in each region would allow the exact neural substrates associated with the response to novelty, and the effects of anxiolytic drugs to be identified.
